
























































































































































































































































































































































































































































































































































(𝑥𝑖 − 𝑥𝑚) +
𝑆𝑏
𝑙𝑏
(𝑥𝑖 − 𝑥𝑔) +
𝑆𝑐
𝑙𝑐
(𝑥𝑖 − 𝑥𝑘) +
𝑆𝑑
𝑙𝑑
(𝑥𝑖 − 𝑥𝑙) = 0, 
𝑆𝑎
𝑙𝑎
(𝑦𝑖 − 𝑥𝑚) +
𝑆𝑏
𝑙𝑏
(𝑦𝑖 − 𝑦𝑔) +
𝑆𝑐
𝑙𝑐
(𝑦𝑖 − 𝑦𝑘) +
𝑆𝑑
𝑙𝑑
(𝑦𝑖 − 𝑦𝑙) = 0,
𝑆𝑎
𝑙𝑎
(𝑧𝑖 − 𝑧𝑚) +
𝑆𝑏
𝑙𝑏
(𝑧𝑖 − 𝑧𝑔) +
𝑆𝑐
𝑙𝑐
(𝑧𝑖 − 𝑧𝑘) +
𝑆𝑑
𝑙𝑑
(𝑧𝑖 − 𝑧𝑙) = 0.
𝑆𝑎 , 𝑆𝑏, 𝑆𝑐 , 𝑆𝑑 𝑎, 𝑏, 𝑐, 𝑑 
𝑙𝑎 , 𝑙𝑏, 𝑙𝑐 , 𝑙𝑑 
𝑙𝑗 = √(𝑥𝑗 − 𝑥𝑖)
2 + (𝑦𝑗 − 𝑦𝑖)
2 + (𝑧𝑗 − 𝑧𝑖)
2
𝑓 = 𝑘 × 𝑒 = 𝑘 × (𝑙 − 𝑙0)
 






𝑎 = 𝑀−1𝑟(𝑥, 𝑣)
 
 

































𝑛 𝑃1, 𝑃2, … , 𝑃𝑛
𝑤1,  𝑤2, … , 𝑤𝑛 𝑚 𝑛 + 𝑘
𝑡1, … , 𝑡𝑛+𝑘
𝑁𝑖(𝑡) 𝑖 𝑚


















𝐾 = 𝑘1 ∙  𝑘2
 




















































𝑉?̂? = {𝑥 ∈ 𝛺||𝑥 − 𝑧𝑖| < |𝑥 − 𝑧𝑗|𝑓𝑜𝑟 𝑗 = 1, … , 𝑘, 𝑗 ≠ 𝑖}
 





































𝑐𝑟(𝑧0, 𝑧1, 𝑧2, 𝑧3) =
(𝑧0 − 𝑧1)(𝑧2 − 𝑧3)
(𝑧1 − 𝑧2)(𝑧3 − 𝑧0)
 
 







































𝑓𝑖1(𝑥) ≤ 𝑏𝑖 𝑖 = 1, … , 𝑚
 





(𝑥0, … 𝑥𝑛) 𝑏1, … 𝑏𝑚
𝑥∗
𝑚𝑖𝑛[ 𝑓1(𝑥), 𝑓22(𝑥), . . . , 𝑓(𝑥)] 
𝑥 ∈  𝑆
𝑆 𝑛 > 1
𝑥∗ ∈  𝑆
𝑥 ∈  𝑆
𝑓𝑖 𝑖 =  1, . . . , 𝑛
 






























𝑣𝑚  <  𝑐𝑟𝑟 ·  𝜎 𝑚𝑎𝑥
𝑣𝑚  →  𝑒𝑙𝑒𝑚𝑒𝑛𝑡 𝑟𝑒𝑚𝑜𝑣𝑎𝑙,
𝜎˜ 𝑒
𝑣𝑚  >  𝑐𝑖𝑟 ·  𝜎 𝑚𝑎𝑥
𝑣𝑚  →  𝑒𝑙𝑒𝑚𝑒𝑛𝑡 𝑎𝑑𝑑𝑖𝑡𝑖𝑜𝑛.  
 



























































































































































































• Gravity  force











• Gravity  force

































































































































































(Form-finding & Planarization) 
 






























































































































































































































































































































































































2. Form finding +
Planarization
1. Pre-rationalization 3. Structural Analysis
4. Volumetric Generation 5. Prototype
 










































































































𝑓𝑖 = 𝑓𝐷𝑖 + 𝛼 × 𝑓𝐿𝑖
 



































































































































CHAPTER 6 CONCLUSIONS AND RECOMMENDATION 
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